The presence of endocrine disruptors in source water is of great concern because of their suspected adverse effects on humans, even when present at very low levels. As the main source of potable water supply, rivers in Malaysia are highly susceptible to contamination by various endocrine disruptors originating from anthropogenic activities. In this study, the contamination levels of 1,1,1-trichloro-2,2-bis (4-chlorophenyl) ethane (DDT) and its metabolites and di-(2-ethylhexyl) phthalate (DEHP) in rivers of Selangor were examined using gas chromatography-mass spectrometry. Samples were collected from sites representing source water for 18 drinking water treatment plants in 
INTRODUCTION
Interest in the public health effects of endocrine disrupting chemicals with regard to the effects of long-term low-dose exposures is increasing. The United States Environmental Protection Agency defines these chemicals as agents that interfere with the synthesis, secretion, transport, binding, or elimination of natural hormones in the body that are responsible for the maintenance of homeostasis, reproduction, development and/or behaviour (Kavlock et al. ) .
A number of pesticides, plasticisers, alkylphenols and flame retardants used in agriculture, industrial and household applications have been identified as endocrine disruptors. Many of these end up in the aquatic environment, including source water, as a result of incomplete removal during sewage treatment processes, soil run-off or indiscriminate discharges into waterways. Additionally, conventional drinking water treatment processes that include coagulation and flocculation, sedimentation, filtration and chlorination are not able to eliminate many of these contaminants present in source water (Westerhoff et Since DEHP is not chemically bonded to the matrix, it is easily released into the environment during production or manufacturing (Staples et al. ) . In this study, 18 sites representing intakes of DWTPs from five river basins were selected (Figure 1 (a) and Grab samples were collected in solvent-cleaned 1 L amber glass bottles. The bottles were rinsed with sample water prior to filling and closed with aluminium-foil-lined caps. They were preserved from microbial activity by acidification with nitric acid. In situ measurements of pH, temperature and turbidity were also recorded.
Point source pollution sampling
Sampling to identify DEHP pollution point sources was car- The solvents (methanol, acetone, hexane) used were Merck gas chromatography (GC) grade (Darmstadt, Germany) and were further distilled in all-glass apparatus prior to use. Ethyl acetate and dichloromethane were pesticide grade from Fisher Scientific (UK) and were used as supplied. Sodium sulphate, sodium chloride and nitric acid were from Merck (Darmstadt, Germany).
The glassware for DEHP analysis was initially rinsed with Milli-Q water and baked at 400 W C for 5 hours. Before use, it was further rinsed with 2 mL of hexane:acetone
(1:1). The glass fibre filters were also rinsed in acetone and baked at 400 W C for 4 hours. Silica-based bonded C18 (EC) 1 g/6 mL cartridges were obtained from Biotage (EU).
'Sole' brand mineral water from Italy was used for DEHP method validation and preparation of the calibration curve. For the extraction of DEHP, 1 L of sample was spiked with 50 ng internal standard benzyl benzoate before passing through the conditioned C18 cartridge. The cartridge was conditioned by passing 6 mL of acetone: hexane (1:1), followed by 10 mL of methanol and 10 mL of water. Elution was performed with 4 × 2.5 mL of acetone:hexane (1:1).
The eluants were dried under a gentle stream of nitrogen and prior to analysis, reconstituted with 100 μL of acetone:
hexane (1:1). Since DEHP was extracted and analysed together with alkylphenols and bisphenol A, the samples were derivatised before injection. For derivatisation, 20 μL of BSTFA þ 1% TMS was added to the solution before being derivatised at 75 W C for 40 minutes. One microlitre was injected into the GC-MS for analysis.
Gas chromatography-mass spectrometry conditions
Determination of the studied compounds was achieved using Table 2 .
Quality assurance and quality control
Since DEHP is a ubiquitous contaminant in the environment, rigorous contamination control measures were taken during sample collection, extraction and analysis. For each batch of samples, a blank using mineral water (procedural blank), spiked blank and duplicate samples were included. The limit of detection for DDT and its metabolites was from 0.2 to 0.9 ng/L and for DEHP was set at 6 ng/L. Linearity, recoveries, detection and limits of quantification (LOQs) are shown in Table 3 .
Statistical analysis
All analysis was carried out using Statistical Package for 
RESULTS AND DISCUSSION

DDT level in source water
There were limited data on the contamination level of DDT and its metabolites in Malaysian rivers and practically no data for its contamination levels in source water. The numbers of samples with detectable levels of DDTs were as follows: o,p-DDD (10), p,p-DDD (9), o,p-DDE (1), p,p-DDE had DDTs ranging from 0.6 to 12.2 ng/L. These sites are located upstream, mostly at pristine locations or in forest reserves with limited agriculture activities except for site 10.
The detected levels were similar to the 9.5 ng/L detected previously in the Klang River (Tan & Vijayaletchumy ) . In addition, only 10% of samples collected from the seven sampling sites (site 12-18) in the Langat River basin had DDTs at levels ranging from 2.8 to 9.2 ng/L. Site 18 (Salak Tinggi DWTP), which is surrounded by palm oil plantations, had the highest frequency of detection while no DDT residues were detected at sites 13 and 14.
Results from this study shows that DDTs are still detected in some source water albeit at decreased levels.
However, no cumulative effect is seen in the levels detected along the main rivers of Bernam, Kelang and Langat. In addition, while all three sites with no detectable level of DDTs are located in a pristine area or forest reserve, not all sites located at pristine locations were free of DDTs.
Similarly, in a study by Leong et al. () , DDTs were detected at sites far from agricultural or industrial activities in the Selangor River basin, most likely due to past fumigation activities for vector control.
DEHP level in source water
Detection frequency and a summary of the measured levels of DEHP at each sampling sites are shown in Table 5 . from the sea. This suggests that the atmosphere is also a major contamination source of DEHP to the aquatic phase through dry deposition by descending particles and wet deposition by rainfall or snow.
The environmental fate and behaviour of DEHP is partly dependent on its water solubility and adsorption coefficient (log K oc ). Low water solubility with a high log K oc will promote DEHP adsorption and transport together with suspended sediment (Zeng et al. ) . The association between DEHP levels and suspended solid was investigated using turbidity measurements. Turbidity is strongly corre- 
Guideline values for DDT and DEHP
Currently, there is no statutory maximum contaminant level for DEHP in source water in Malaysia. However, the accep- 
)
. DEHP levels detected at many of the more polluted sites downstream were a few-fold higher than this limit. As for DDTs, the detected levels were two magnitudes lower than the maximum acceptable value of 2 μg/L prescribed for source water in the Malaysian Standard for Drinking Water Quality.
Comparison of DEHP level in source water with other water bodies
Levels of DEHP from this study were compared with other reported data from different water bodies (Table 7) . DEHP levels detected in source water from this study is similar to the levels detected in urban lakes by Zeng et al. () and the Yangtze River by Wang et al. () in China, although they were two magnitudes lower than the levels ; Gasperi et al. ) . In addition, the levels detected in this study were much lower than the levels detected previously in the Klang River (Tan ). These differences may be attributed to the difference in sampling locations.
Samples from the Klang River, for example, were collected near pollution sources. Overall, the levels detected in this study are similar to the levels reported in weakly impacted surface water elsewhere.
CONCLUSION
This study provided the first detailed data on the levels of DDTs and DEHP in source water from Selangor. Although DDT has been banned since 1998, it is still detected at low levels in the source water. Meanwhile, DEHP was detected in more than 96% of the samples with an increasing trend at sites located further downstream due to the increase in the number of anthropogenic pollution sources. However, no seasonal variation was detected in DEHP levels. Study of point source pollution sources suggests industrial discharges are one of the main contributors of DEHP to the riverine system.
